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IN THE SPECIFICATION 

Please amend page 1 by inserting the following heading between the title of the 
invention and the first paragraph: 

" FIELD OF THE INVENTION " 

Please amend page 1 by inserting the following heading between the first and second 
paragraphs: 

"BACKGROUND OF THE INVENTION " 

Please amend page 5 by inserting the following heading on line 28: 
"BRIEF SUMMARY OF THE INVENTION" 



Please amend page 1 1 by inserting the following on line 18: 

"BRIEF DESCRIPTION OF THE DRAWINGS 



Please amend page 12 by inserting the following heading on line 3: 
"DETAILED DESCRIPTION OF THE INVENTION" 



Please amend page 16 by inserting the following language between the "CLAIMS' 
heading and claim 1 : 

"We claim:" 



Please amend page 15 by adding the following text beginning on line 17 as follows: 
" In use the cell is used in conjunction with a device for measuring the electrical 
characteristics of the cell. For example, but without limitation, the device may be configured 
to measure the electrical current (in an amperometric configuration) or tlie emf (in a 
potentiometric configuration) produced across the cell. 

Each electrode may be comprised fi-om, or coated with, its respective catalyst. The "catalyst" 
electrode materials may be a metah a conducting oxide or another suitable catalysing 
material. The selection of the electrode material will favour the dissociation of the species of 
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interest whilst minimising the dissociation for permanent (ie not of interest) species. The 
skilled addressee will no doubt envisage appropriate catalysts for separating certain ionic 
species from certain molecules without departing from the invention. Without limitation, 
catalysts may include platinum (for liberating from water or O^' from molecular oxygen), 
ruthenium (for liberating from hydrocarbons), nickeU gold, silver or silver salts. 

During use of the sensor, a reference environment with known quantities of the species is 
provided within the reference environment space. This is used as a reference with which tlie 
measured quantity of the species in the monitored environment contained in the monitored 
environment space can be compared. By applying a suitable algorithm incorporating 

measured parameters of the electrical signal generated by the cell and known characteristics 
of the reference environment, the partial pressiu-e. and thus relative quantity of the species in 
the monitored environment can be calculated. 

Li circumstances where it would be relatively straightfon\^ard to provide a reference 
environment which contains, as the reference molecule, a known quantity of the same 
chemical species as the contaminant molecule, for example, O?. the catalyst for the 
measurement electrode may conveniently comprise the sajne material as the catalyst for the 
reference electrode. However, where it would be relatively difficult to provide such a 
reference environment, for example, where the contaminant molecule is H2O. depending on 
the chosen reference molecule the catalyst for the measurement electrode may comprise 
different material from the catalyst for the reference electi'ode. Even in this latter situation, 
the catalysts may still comprise the same material, for example platinum would be a suitable 
catalyst for the dissociation of H^O as a contaminant molecule and for the dissociation of H? 
as a reference molecule. 

The reference environment space may be a sealed enclosure into which a controlled 
environment is provided. The source of ionic species provided in the reference environment 
may be a source of the contaminant molecule or any other source of that ionic species. The 
source may be provided in any physical phase, for example, but not limited to a gas, a liquid 
or a solid. For ease of storage and handling, a solid-state source is preferable. Suitable 
solid-state sources will no doubt occur to the skilled addressee. Examples of suitable 
reference environment sources include but are not strictly limited to a gas, a metal, a 
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metal/metal-hydride. a metal alloy/metal-hydride. any solid hvdrated species, any solid 
organic species (for or copper/copper oxide (Cu^Q^. nickel/nickel oxide fNiO) and 
chromium/chromium oxide (Cr?Oi) (for O^'). 

Other suitable sources may include but aie not limited to organic acids or liquid origanic 
species (for H"^. 

The means for initiating the catalysis of the dissociation of the molecules preferably 
comprises means for controlling and monitoring the temperature of the cell. In the preferred 
embodiments, sealing means are provided for separating a reference environment space from 
a monitored environment space, the means for controlling the temperature of the cell 
including a heating device contained within the reference environment space. Thus, in a 
second aspect the present invention provides a contaminant molecule sensor configured for 
use in a vacuiun environment, the sensor comprising an electrochemical cell comprising a 
measurement electrode coated with, or comprised from, a catalyst selected for its ability to 
catalyse the dissociation of a contaminant molecule into its ionic species, a reference 
electrode coated with, or comprised from, a catalyst selected for its abiUty to catalyse the 
dissociation of a reference molecule into its ionic species, and a sohd-state ionic species 
conductor bridging the measurement electrode and the reference electrode, the conductor 
being selected to conduct an ionic species common to the dissociated contaminant and 
reference molecules, means for controlling and monitoring the temperatiu-e of the cell, and 
sealing means for separating a reference environment space from a monitored environment 
space, the means for controlling and monitoring the temperature of the cell including a 
heating device contained within the reference enviromnent space 

The means for controlling and monitoring the temperature may include an electrically 
powered heater, for example a nichrome wire woimd heater. It will be appreciated that a 
heat conductive material may be heated by means other than electrical. The means may 
fiirther comprise a temperature sensor, for example, but not sttictlv limited to a thermocouple. 
The range of temperature controllable and monitored by the means may extend from low to 
very high temperatures so as to permit selection of a temperature to optimise catalysis of the 
dissociation of the contaminant molecule. 
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Suitable solid-state species conductors will no doubt occur to the skilled addressee, examples 
of which may include but are not strictly limited to; for IT, CaZr nQhVnO i- v. BaZrog YrnOvy, 
BaiCa^Mbj^Oo-v ^ SrCe nos Yboos O? q7s and for Ag^. silver salts (for example, but not 
limited to, silver chloride). Other examples include, but are not strictly limited to: for H^, 
organic membranes, inorganic membranes, polymer membranes and other commercially 
available species conductors (for example, but not limited to Nafion^" or Nasicon^'"): 
yttrium stabilised zirconia (YSZ) and silver salts (for example, but not limited to, silver 
chloride). 

To meet the requirements for monitoring contaminant species within the semiconductor 
processing environment it is necessary to identify a suitable sensing technology that is 
independent of the total pressure and that will provide a log-linear output signal in order to 
measure across a wide pressure range. In addition it is also necessaiy that the sensing 
material will not become depleted or otherwise affected by constant exposure to the reducing 
environment within the vacuum. The inventors have found that with suitable adaptation, 
solid-state electrochemical materials can meet these requirements. 

The selection of the electrochemical solid-state electrolyte for such a sensor will depend upon 
the target contaminant gas of interest and in particular upon its dissociated ionic species. 
The electrolyte is selected to have properties that will enable it to conduct an ionic species of 
the target gas. Conduction of the ionic species will generate an electronic signal that can be 
measured to provide an indication of the quantity of contaminant gas within the monitored 
environment. In addition, to improve the selectivity of such a device it is extremely 
important to select a catalytic electrode material that will maximise the dissociation of the 
target contaminant gas to its ionic species (whilst minimising the dissociation of other species 
that are not of interest). To provide a calibrated output signal it is also necessary to provide a 
reference device that is matched to the concentration range of the contaminant gas to be 
measured thereby minimising any effect of the electrochemical semi-penneabilitv of the 
electrolyte material. The reference device (of known concentration) is provided at a 
reference electrode and the concentration gradient across the electrochemical sensor (i.e. 
between the measurement and the reference electrode) is used to calculate the contaminant 
gas concentration at the measurement electrode. 
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Whilst the selection of materials for the construction of such a sensor is important it is also 
necessary to engineer the construction of the sensor in a manner that is compatible with 
installation into a vacuum environment. Considering the sensor will be placed within a 
vacuum environment that may have a pressure approximately 1 billion times less than 
atmospheric pressure (i.e. at le'^ mbar) the proper design and construction of an effective 
vacuum seal for the sensor is essential. The vacuum seal is an extremely important part of 
any device intended for insertion into a vacuum environment and provides a leak-tight seal 
between the vacuum environment and the surrounding ambient environment. Manufacturing 
an effective seal is not a trivial matter and requires specific skills in order to seal metallic to 
ceramic materials and to allow for flie feed-through of the necessary electrical connections 
whilst maintaining a leak-tight structure. 

Finally, the mechanical design and construction of a sensor intended for use in vacuum 
environments is also important. The number of molecules within a vacuum environment is 
significantly lower than at atmosphere (i.e. approx. 1 billion times less at le"^ mbar). Li 
addition, the flow characteristics of residual gases in a vacuum environment are governed by 
probabilistic molecular flow mechanics. Hence, it is necessary to construct a vacuum sensor 
in such a manner that the sensing component design, construction and positioning is such to 
maximise interaction with the gaseous species of interest in the residual atmosphere. " 

Please amend pages 6-10 by deleting the following text begiiming on page 6 line 10 
through page 10 line 30 as follows: 

In us e th e cell is used in conjunction with a d o vico for m e asuring th e electrical 
characteristics of th e cell. For e xample, but without limitation, the devic e may be configur e d 
to m e asure tlio electrical current (in an amp e rometric configuration) or the omf (in a 
pot e ntiom e tric configuration) produced across the cell. 

Each electrode may be compris e d from, or coated with, its respective catalyst. The "catalyst" 
electrode materials may be a metal, a conducting oxide or another suitable catalysing 
material. — The selection of the electrode material will favour the dissociation of the s pecies of 
inter e st whilst minimising th e dissociation for pemianont (ie not of intoreot) sp e ci e s. — The 
skill e d addresse e will no doubt e nvisage appropriat e catalysts for separating certain ionic 
sp e ci e s from certain molecul e s without d e paiting fi-om th e inv e ntion. — Without limitation. 
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catalyst G may includ e platinum (for lib e rating H from wat e r or O '' from molecular oxygen), 
ruthenium (for liberating VT from hydrocarbonG), nicket gold, silv e r or silv e r salts. 

During us e of th e sensor, a r e f e r e nce environm e nt with known quantities of the species is 
provid e d within the r e ference environment space. — This i s used as a r e f e r e nc e with which the 
measured quantity of the spccios in the monitored environm e nt contained in tho monitored 

environm e nt space can b e compar e d. By applying a suitabl e algorithm incorporating 

m e asur e d param e t e rs of the e l e ctrical signal g e n e rat e d by th e c e ll and known characteristics 
of th e refer e nce environment, the partial pressur e , and thus relativ e quantity of th e speci e s in 
th e monitor e d e nvironm e nt can b e calculat e d. 

In circumstances where it w^ould be relatively straightforward to prov^ide a r e ference 
environment which contains, as the r e f e r e nce molecule, a known quantity of tho s ame 
chemical sp e cies as the contamuiant molecule, for example, O^, the catalyst for th e 
measur e ment e l e ctrod e may conv e niently comprise the samo mat e rial as the catalyst for the 

reference electrode. Hov f ^ e v e r, wh e r e it would be relativ e ly difficult to provide such a 

r e f e rence environment, for e xampl e , where th e contaminant molecul e is HjiO, depending on 
th e chos e n ref e r e nce mol e cul e the catalyst for tli e m e asur e ment e lectrode may compris e 
diff e rent mat e rial from th e cataly s t for th e refer e nce electrode. Even in this latter situation, 
the cataly s ts may still compris e th e sam e material, for e xample platinum w^ould b e a suitable 
catalyst for the di s sociation of H^O as a contaminant molecul e and for the dissociation of 
as a r e ference molecule. 

Th e r e f e r e nce environment space may bo a sealed e nclosure into wliich a controll e d 
environment is provided. — Th e sourc e of ionic s pecies provided in the r e fer e nce environment 
may b e a sourc e of th e contaminant molecule or any other sourc e of that ionic species. — The 
sourc e may be provid e d in any physical phase, for exampl e , but not limited to a gas, a Uquid 
or a solid. — For ease of storage and handling, a solid state source is preferable. — Suitable 

soUd state sources will no doubt occur to the skilled addrossoe. Exampl e s of suitable 

r e fer e nc e enviromn e nt soiu-ces include but are not strictly limited to a gas, a metal, a 
metal/metal hydrid e , a metal alloy/metal hydrid e , any solid hydrated sp e cies, any soUd 
organic species (for or copper/copper oxide (CuaO), nickel/nick e l oxide (NiO) and 
chromium/chromium oxide (Cra Oa ) (for 
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Oth e r suitable sourc e s may includ e but ar e not limited to organic acids or liquid organic 
species (for BT ^ 

Th e means for initiating tho catalysis of the dissociation of th e molecules proforably 
comprises means for controlling and monitoring the temperature of tho coll. In the preferred 
embodiments, s e aling m e ans ar e provided for s e parating a r e f e r e nc e e nviromnont space from 
a monitored environment spac e , the means for controlling th e temp e rature of the cell 
including a h e ating devic e contain e d within the reference envirormi e nt space. — Thus, in a 
second asp e ct th e pres e nt invention provid e s a contaminant molecul e s e nsor configured for 
use in a vacuum environm e nt, the s e nsor comprising an electroch e mical c e ll comprising a 
measur e ment e lectrod e coated with, or compriGed from, a catalyst selected for its ability to 
catalyse the dissociation of a contaminant molecule into its ionic species, a referenc e 
electrode coated with, or compris e d from, a catalyst selected for its ability to catalyse th e 
dissociation of a referenc e molecule into its ionic sp e cies, and a solid state ionic species 
conductor bridging th e measurement electrode and tho reference olcctrodo, the conductor 
being s e lected to conduct an ionic species common to the dissociated contaminant and 
r e fer e nc e mol e cul e s, m e ans for controlling and monitoring tlie temperature of th e c e ll, and 
sealing means for separating a r e ference environm e nt spac e from a monitored environment 
space, th e m e ans for controlling and monitoring the temperature of the coll including a 
h e ating device contained witliin the reference environment space 

Th e m e ans for controlling and monitoring th e t e mperatur e may includ e an electrically 
powered heater, for exampl e a nichrom e wire wound heat e r. — It will be appr e ciated that a 

h e at conductive mat e rial may be h e ated by means other than electrical. Th e means may 

fiulher compris e a temp e rature sensor, for e xampl e , but not s trictly limited to a thermocoupl e . 
The range of temperature controllable and monitored by th e means may extend from low to 
very high temperatures so as to permit selection of a temperatiue to optimise catalysis of the 
di s sociation of the contaminant molecule. 

Suitable solid state species conductors will no doubt occur to the skilled addressee, e xampl e s 
of which may include but are not strictly limited to; for , CaZr^ ^gfeor^Q- ^, BaZr oj^^g^-Oa-xT 
Ba3.GaM^Nb4^09-3^.--SfGe-o^¥bo^O^ ^ and for Ag' * ', s ilv e r salts (for example, but not 
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limited to, silv e r chlorid e ). — Other e xamples include, but are not strictly limit e d to; for H% 
organic membranes, inorganic m e mbran e s, pol>TOer m e mbranes and oth e r comm e rcially 
availabl e s p e ci e s conductors (for example, but not limited to Nafion^ or Nasicon^ ^^-Q^^ 
yttrium stabilised zirconia (YSZ) and s ilv e r salts (for e xample, but not limit e d to, silver 
chloride). 

To meet the r e quirements for monitoring contaminant sp e cies within th e s e miconductor 
processing environment it is n e c e ssary to id e ntify a suitabl e sensing technology that is 
ind e pendent of th e total pr e ssur e and that will provid e a log Unear output signal in ord e r to 

measure across a wid e pr e ssur e rang e . In addition it is also necessary that the sensing 

material will not become depl e ted or otherwise aff e ct e d by constant exposure to the reducing 
environment within the vacuum. — The inventors hav e foimd that with suitable adaptation, 
solid - state e l e ctrochemical mat e rials can meet these requirements. 

Th e s e lection of th e e l e ctroch e mical solid state e l e ctrolyt e for such a sensor will d e pend upon 
the targ e t contaminant gas of interest and in particular upon its dis s ociat e d ionic species. 
Th e el e ctrolyt e is s e lected to hav e prop e rties that will enabl e it to conduct an ionic species of 
th e targ e t gas. — Conduction of th e ionic s pecies will gen e rat e an el e ctronic signal that can b e 
measur e d to provide an indication of the quantity of contaminant gas within the monitored 

environment. In addition, to improve the sel e ctivity of such a device it is extremely 

important to select a catalytic electrode mat e rial that will maximise the dissociation of the 
targ e t contoiTiinant gas to its ionic sp e cies (whilst minimising the dissociation of other species 
that are not of int e rest). To provide a calibrated output signal it is also n e c e ssary to provide a 
rof o r o ncc device that is match e d to the concentration range of th e contaminant gas to be 
measured th e r e by minimi s ing any eff e ct of the e l e ctrochemical s e mi p e rmeability of the 

e le c trolyte materiaL Th e refer e nce d e vic e (of known concentration) is provid e d at a 

reference electrode and the concentration gradient across the electrochemical sensor (i.e. 
between th e m e asurement and the ref e renc e electrode) is used to calculate the contaminant 
gas concentration at the mea s ur e m e nt electrode. 

Whilst th e s e l e ction of materials for the con s truction of such a s e nsor is important it is also 
necessary to engineer the construction of th e s e nsor in a manner that is compatibl e with 
installation into a vacuum environment. Consid e ring the sensor will be placed witliin a 
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vacuum e nvironm e nt that may hav e a pressur e approximately 1 billion times l e ss than 
atmosph e ric pr e ssur e (i. e . at l e^ mbar) th e prop e r design and construction of an e ff e ctive 
vacuum seal for the sensor is e ssential. — The vacuum seal is an e xtremely important part of 
any d e vice int e nd e d for insertion into a vacuum environment and provides a l e ak - tight s eal 
betw ee n the vacuum environment and th e surrounding ambient envnonment. — Manufacturing 
an effectiv e s e al is not a trivial matter and r e quires sp e cific slcills in ord e r to seal metallic to 
ceramic materials and to allow for th e f ee d through of the n e c e ssary e l e ctrical connections 
whilst maintaining a lealc tight sti'uctur e . 

Finally, the m e chanical d e sign and construction of a sonsor int e nded for us e in vacuum 
environments is also ijnportant. — Th e number of mol e cul e s wnthin a vacuum environment is 
significantly lower than at atmospher e (i.e. approx. 1 billion tim e s less at l e "^ mbar). — In 
addition, th e flow characteri sties of residual gases in a vacuum environment ar e governed by 
probabilistic molecular flow mechanics. — Henc e , it is necessary to construct a vacuum sensor 
in such a mann e r that the s e nsing component design, constiuction and positioning is such to 
maximis e int e raction with the gaseous species of int e rest in the residual atmosphere. 
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